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ABSTRACT 
The Eco-Smart Can V2.0 
by 
Darack B. Nanto 
On a summer day in 2015, a maintenance worker was observed emptying a trash bin. Upon 
closer observation, it was noted that the bin was not full. There were other bins that were full and 
needed to be emptied urgently. It was confusing and problematic to see that bins that needed 
more attention were not prioritized. Unfortunately, this leads to overflowing trash bins in busy 
areas. Additionally, it may lead to a mismanagement of resources. The time, labor and other 
resources invested in collecting the trash could be handled better. Therefore, to tackle this issue, 
the author decided to use the Internet of Things (IoT) to develop a prototype that will optimize 
trash collection and reduce costs of waste management and pollution; this device is named the 
Eco-Smart Can. The long-term goal of the author is to turn the prototype into a commercial 
product.  
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1. INTRODUCTION 
 
With an increase in the population of East Tennessee State University’s (ETSU) 
community and the creation of a new football stadium, the cleanliness of the campus needs to be 
maintained and improved. The benefits of maintaining a clean campus include the possible 
prevention of a few diseases caused by the sustenance of an unclean environment — for instance, 
diseases caused by mold. Traditionally, ETSU maintenance operates on daily or biweekly routes 
to pick up trash and recycle bins on a designated time, regardless of whether the containers are 
full or not (Figure 1.1 shows a schematic diagram as an example of such un-optimized system).  
 
Figure 1.1, Un-Optimized System Route 
Time, labor and other resources combined in collecting the trash could be saved if the 
ETSU maintenance knew which trash bins needed to be emptied urgently. Therefore, it has been 
decided that the Internet of Things (IoT) would be used to create a device that will optimize trash 
collection (Figure 1.2), to reduce waste management costs and pollution.  
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Figure 1.2, Optimized system 
The purpose of this project is to develop a cost-effective smart trash can device for 
ETSU.  This device can also be used in areas other than ETSU. This thesis presents a literature 
review of related research in the domain in addition to an overview of current commercial 
solutions. The methodology section explains how the system operates in concordance with all the 
hardware and software used in this project. Following this section, a discussion of the results of 
the system tests is provided. A marketing assessment of the Eco-Smart Can is also discussed. 
Finally, conclusions and anticipated future scopes and impact of the Eco-Smart Can are 
discussed. Although this project was started to fulfill thesis requirements, the long-term goal is to 
turn the product into a commercial good. Bankers and venture capitalists will be approached for 
funding to take this project to the next step. 
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2. LITERATURE REVIEW 
 
The world population is growing, and so is the trash production; an average American 
throws his or her body weight in trash every month (World Bank, 2013). The World Bank 
reported a rise of trash daily production to more than 3.5 million tons in 2010 and predicts an 
increase to 6 million tons per day by year 2025 (World Bank, 2013). As trash increases, the 
funds required for trash disposal are also increasing. In the World Bank waste management 2012 
report there is a direct relationship between the increase of the trash and the increase in disposal 
costs. It is reported that the world trash collection expenditure will increase by 83% in year 2025, 
it is predicted to a sharp increase from $205 billion in 2010 to $375 billion by 2025 (Hoornweg 
& Bhada-Tata, 2012), see table 2.1. It is predicted that Low Income Countries will suffer more 
from the waste increase. The waste disposal for Low Income Countries will cost 5 times more in 
2025; meanwhile High-Income Countries such as the USA will have an estimated increase of 
$60 billion. 
Table 2.1, Estimated solid waste management costs (Hoornweg & Thomas, 2012) 
 
The results shown above are alarming and hold serious penalties for public services, 
government budgets, and the landfills spaces used for disposal. Some parts of the world are 
already affected; the Bordo Poniente and Laogang landfills in Mexico City and Shanghai 
respectively receive over 10,000 tons of waste daily (Hoornweg & Thomas, 2012). With over 
2,000 worldwide functional waste incinerators, the world is threatened with concerns about ash 
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disposal and air pollution (Goto, 2013). Uncollected waste and landfills also affect climate 
changes through the production of methane, a potent greenhouse gas (Goto, 2013). 
Luckily, these distressing statistics and predications have led various concerned 
governments and city officials to scope for different solutions to put a stop to the increase of 
pollution caused by garbage production and reduced funds allocated to trash disposal. For 
instance, many cities in the United States like Boston, New York, Pasadena, Baltimore, San 
Francisco, and Santa Clarita are taking positive initiative to combat the fast-growing trash 
production with the IoT (Shueh, 2016).   
The Internet of Things, also called the Internet of Everything or the Industrial Internet is 
the concept of connecting any device or man-made object to the internet. It contains embedded 
technology that senses or interacts with their internal or external environment and transfers this 
data over the internet. When set up correctly, IoT has the power to communicate with other IoT 
devices to analyze data and make decisions. The IoT is considered as one of the pioneer future 
technologies and is gaining important attention from industries. Gartner (2014) forecasts that the 
Internet of Things will attain 26 billion installed units by year 2020, compared to 0.9 billion units 
in 2009, and will impact extensive sectors such as medical, industrial robotics, transportation, 
agricultural and waste management. 
With the growth and extreme usability of IoT, the USA has made IoT a part of its 
national waste management trend in many cities to balance the increased waste management 
costs through efficiency (Shueh, 2016). Baltimore, Boston, New York, Pasadena, and Atlanta, to 
name a few, have already installed smart trash systems powered by IoT for their smaller 
sidewalk trashcans.  
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As reported, trash production is increasing, and yet, we still use inefficient trash 
collection systems that increase operational costs. Many smart waste management companies 
came up with smart can systems using IoT. These have shown to improve and reduce costs of 
waste management.  
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3. METHODOLOGY 
 
The IoT is the concept of connecting any device or man-made object to the internet. It 
provides the ability to transfer data over the internet. The project highlighted in this thesis, “The 
Eco-Smart Can V2.0”, aims at using the same concept of the IoT and connecting a built device 
using an open-source computer and software to send data from a traditional trash container to the 
maintenance facility office. The objective of this project is to create a device that will shoot 
sonar waves to know the level of the trash in a container. It can also measure temperatures inside 
the container, because elevated temperatures can cause bacteria or germs to reproduce faster. 
Data collected from the sensors will be sent over the Internet (through Wi-Fi) or a cellular 
network General Packet Radio Service (GPRS) for analysis and displayed on Ubidots – a cloud 
web platform which will display collected data. The platform will be set up to alert maintenance 
workers that trash needs to be collected, so that they can plan an effective route, emptying the 
fullest trash bins first. The location coordinates of these trash bins are predefined in the code, 
instead of using a GPS antenna to get the location. Figure 3.1 shows the basic operation of the 
embedded system.  
A market research was conducted to understand the current waste management system 
used by East Tennessee State University and surrounding businesses. Surveys were administered 
to local maintenance workers and other respondents. The results show that the majority of the 
maintenance workers wish they had a method to know the trash level before setting out to empty 
bins. The workers expressed their need for a device that will enable them to know the trash level 
and subsequently, optimize their routes to empty the bins that need the most attention first. 
Section one of chapter 5 outlines the full report of the market research and validation to support 
the need of the Eco-Smart Can device. 
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Figure 3.1, Basic process of the system 
   
 
 
16 
 
Until the trash is emptied by a maintenance worker, the system will keep outputting a 
sound plus a blinking red light to notify that the trash bin is still full. Once the trash is emptied, 
the system reinitializes and continues its operation. The data sent on the online platform is stored 
on the cloud service for future data analysis. A block diagram of the full system is shown in 
Figure 3.2. 
Figure 3.2, System block diagram 
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3.1 Design 
 
The Eco-Smart Can design tries to be cost effective and versatile. During the design 
phase, the aim was to make the device mount on different trash containers. Figure 3.3 shows the 
container that will house all the hardware. The box is measuring 200mm by 150mm.  
 
Figure 3.3, Eco-Smart Can box 
The design of the trash can was primarily modelled to fit common trash containers found 
on ETSU’s campus. The design of the box took in consideration a future expansion with a solar 
panel module for outdoor usage. The box uses strong magnets for mounting and can also be 
mounted using some adhesive. To allow a compact design and complex shape, the box is drafted 
with 3D software (Auto-CAD 360) and 3D printed with Simplify3D slicer. Figure 3.4 shows a 
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sample of the box assembly with the components. The box in the figure shows a normal PVC 
box adapted for testing the quality of wireless antenna reception. 
 
Figure 3.4, Box design 
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3.2 Hardware 
 
This section lists and describes the components used to prototype the Eco-smart Can. 
 
Table 3.1 describes the hardware requirements for the Eco-Smart Can basic system. 
 
Table 3.1, Hardware 
Hardware  Description  
Espressif ESP32-
WROOM-32 
The ESP32 is a wireless module used mainly for prototyping.  
Main Features:  
Tensilica Xtensa 32-bit LX6 microprocessor, dual core, Clock 
frequency up to 240 MHz, performance up to 600 DMIPS, Ultra-low 
power co-processor: allows you to do ADC conversions, 
computation, and level thresholds while in deep sleep. 
Wi-Fi: 802.11 b/g/n/e/i (802.11n @ 2.4 GHz up to 150 Mbit/s) 
Bluetooth: v4.2 BR/EDR and Bluetooth Low Energy (BLE). IEEE 
802.11 standard security features all supported, including WFA, 
WPA/WPA2 and WAPI, Secure boot, Flash encryption. 
Peripheral input/output: Rich peripheral interface with DMA that 
includes capacitive touch, ADCs (analog-to-digital converter), DACs 
(digital-to-analog converter), I²C (Inter-Integrated Circuit), UART 
(universal asynchronous receiver/transmitter), CAN 2.0 (Controller 
Area Network), SPI (Serial Peripheral Interface), I²S (Integrated 
Inter-IC Sound), RMII (Reduced Media-Independent Interface), 
PWM (pulse width modulation), supports deep sleep mode etc.  
(Espressif Systems, 2019). See Appendix A. 
HC-SR04 Ultrasonic 
Sensor 
The HC-SR04 sensor uses sonar to determine distance of an object. It 
offers excellent range accuracy and stable readings. 
Features:  
Working Voltage: +5V DC, working current 10mA, working 
frequency: 40KHz, Range: 2cm – 4m, Measuring Angle: 30°, Ranging 
Distance: 2cm – 500 cm/1" to 13ft, Resolution: 0.3 cm.  
See Appendix B. 
USB, DC & Solar 
Lipoly charger 
module 
This module created by Adafruit allow the device for system load 
sharing and Li-Ion / Li-Polymer battery charge management with 
ac-dc wall adapter and USB port power sources selection. This 
module contains an MCP73871 chip which facilitate the load sharing 
system. See Appendix C. 
Lithium Ion Polymer 
Battery 
A 3.7 V2000 mAh battery to enable the system to work without 
using a power outlet.  See Appendix D. 
CEM-1203 magnetic 
buzzer 
Magnetic buzzer is an audio signaling device. The sound is 
produced by the movement of the ferromagnetic disk like the cones 
in a speaker creates sound. 
Features: 
Sound pressure: 85 dB, working voltage: 3.5, operating temperature: 
-20 °C to +60 °C. See Appendix E. 
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Breadboard This board with holes helps to connect all the different components 
of the system. It is suitable for this project because of the constant 
change of the circuitry. But a PCB will be used for a final product. 
LED light The light used to blink to signal a certain event in the system.  
Jumpers Wires  Wires cable from DuPont to connect different components of a 
circuit. Male to Female, Female to Female and Male to Male 
terminals.  
Wi-Fi It is a wireless network that allows device to communicate or 
exchange data over a network. In the project the author tested the 
prototype with an Enterprise Encryption type network. 
 
The Eco-Smart Can system relies on a microcontroller module with integrated Wi-Fi – 
ESP32 made by Espressif. This microcontroller is a 2.4 GHz band Wi-Fi and 4.2 Bluetooth 
combo chip design with Ultra Low Power (ULP) technology and Long-range Wi-Fi. ESP32 was 
designed especially for IoT, wearable and mobile application. It has robust and versatile features, 
making it suitable for a wide variety of applications. With a dual-core processor running at 160 
MHz and internal memory of 4MB, it can support up to 20 components. All these features come 
on a small PCB of 48.2 × 27.9 mm and weigh 9 grams (Espressif Systems, 2019), see Figure 3.5. 
  
Figure 3.5, ESP32 Development Board (Espressif Systems, 2019) 
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The ESP32 development board was chosen for the Eco-Smart Can device because of its 
high-performance cores, Ultra Low Power co-processor, Long-range Wi-Fi, highly integrated 
platform to meet the continuous demands for efficient power usage, and its reliability (see 
Appendix A). Most importantly, this microcontroller is one of the few on the IoT market that 
allows a connection to an Enterprise security type wireless network. It is important in this project 
because using the available internet connection on campus to send the data is desired. Doing so 
brings some costs down, because this is cheaper than using cellular networks.  However, the 
Eco-Smart Can device is still designed with adaptability to connect to cellular network in areas 
with no Wi-Fi access. The EPS32 can connect to access points that are 200 meters (656 ft) away. 
Additionally, the ESP32 can operate within –40°C to +125°C, making it suitable for outdoor 
usage. 
Figures 3.6 and 3.7 show the schematic of the circuit board and how the hardware in table 
3.1 are connected. The ultrasonic sensor (HC-SR04) is used to detect the trash level of the 
container. This sensor, despite its simplicity, can detect liquid and solid objects. The sensor’s 
embedded chip was engineered to decrease the effects of outdoor interference sources. The 
circuit comprises a battery that can be re-charged through a USB port. 
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Figure 3.6, Circuit board schematic 
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Figure 3.7, Circuit bread 
The Ultrasonic sensor (HC-SR04), shoots a sonar wave that travels from the sensor to the 
object and back to the sensor when the wave touches an object. This is called the Time-of-Flight 
(TOF). Distance of the object or trash is then calculated using the below formula (Charlesworth 
& Temple, 2001).  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝑇𝑂𝐹 × 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑆𝑜𝑢𝑛𝑑
2
 
 
 
The system uses the ESP32 module to send the data collected by the ultrasonic sensor to a web 
platform dashboard. The ESP32 module connects to the local Wi-Fi of the campus using a 
dedicated username and password. An LED light with a 1kΩ resistor is used to give a visual alert 
of the trash bin’s fullness. The LED light signals users that the container is filled up, therefore 
preventing other potential users from putting more trash in the bin. Additionally, a magnetic 
buzzer is used to output a sound alert when the trash is filled up. Finally, the whole circuit is 
powered by a Polymer Li-ion battery with an integrated mini circuit that does not allow over 
USB 
To 
recharge 
battery 
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charge and limits overheating. This mini circuit enables the device battery to be charged through 
solar energy or USB. The system battery is backed up by mini USB charging port in this project, 
which can be an alternative for indoor usage when solar charge is not an option. Figure 3.8 
shows the final hardware setup. 
 
Figure 3.8, Hardware setup 
3.3 Software 
 
Table 3.2 describes the hardware requirements for the Eco-Smart Can basic system. 
 
Table 3.2, Software 
Hardware  Description  
Arduino IDE Arduino IDE is a software that allows the user to write and upload 
programs to board or microcontroller. 
Ubidots Ubidots is web platform that allows the collection and storing of 
sensor data in the cloud from IoT devices. 
 
The system software was enacted using Arduino IDE. Multiple libraries were used to 
facilitate a harmonious communication between the different components. Figure 3.9 shows a 
flowchart of the program written for the basic Eco-Smart Can system. 
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When the Eco-Smart Can is powered, the program starts initializing all the modules in the 
system. Then, the Wi-Fi module attempts to connect to a predefined wireless network with the 
correct credentials. The current prototype is regulated to connect to ETSU’s Wi-Fi network. 
Credentials can be modified to suit other customers’ network types. If the connection between the 
Eco-Smart Can device and the Ubidots platform is not successful, it will continue to reconnect 
until the connection becomes successful. The communication between the device and the web 
platform uses MQTT protocol. The MQTT is a lightweight messaging protocol designed by IBM 
and Eurotech in 1999. It was designed for constrained devices and low bandwidth networks 
(MQTT, n.d.). This communication protocol is ideal for the project due to its low power 
consumption, reliability and assurance of delivering the data to the web platform or application. 
When the connection is successful, the device uses the embedded ultrasonic sensor to read the 
trash content. The trash level is computed based on the capacity of each trash container. The 
level data is sent to the Ubidots cloud platform. This allows the client to monitor trash level in 
real time. A loop function is used to check the trash level every 30 minutes. This time can be 
customized to adapt with real life operating cases. A loop function iterates when the trash level is 
less than 90% full. The loop runs until the trash level reaches the set threshold of 90%. When the 
trash level reaches 90% or more, a while loop is activated. A combination of blinking LED and 
buzzer are emitted by the Eco-Smart Can device. This gives a visual and sound notification 
signal to users in case they want to put more items in the trash bin. This can also help custodians 
or maintenance staff to easily identify the trash bin needing attention. An alert system (SMS, 
Email, etc.) is sent to the dispatcher, requesting that a staff member gets sent to collect trash. The 
trash alert stops when the trash is emptied, and the Eco-Smart Can device resumes its normal 
operations.  
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Figure 3.9, Program flow chart 
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4. RESULTS AND DISCUSSION  
 
The Eco-Smart Can prototype was first tested indoors without a trash can. It was then 
tested in a trash container. Below is the final prototype of the Eco-Smart Can assembled and 
mounted in a standard trash bin found on the author’s campus. 
 
Figure 4.1, Eco-Smart Can prototype and testing 
The prototype worked as intended. The trash level was successfully reporting to the 
online dashboard as shown in figure 4.2. The dashboard was set to show a gauge to see the trash 
level and a graph to display the graph filling chart. The dashboard can be customized further to 
suit customers’ need. When the trash level was higher or equal to 90% an email was sent to 
report the fill level, see Figure 4.3. The alert template can be customized further, and the alert 
can be sent via SMS, phone call, telegraph etc., see Figure 4.3 for a sample of email alert. 
Eco-Smart Can 
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Figure 4.2, The Eco-Smart Can Dashboard 
At first, the trash level was not accurately reported. However, it was due to the placement 
of the device in the trash container, which was solved by offsetting the measurement in the 
codes. After that, the trash level measurement were accurate. During the testing, it was noted that 
the angle at which the device is mounted affects the reading. Therefore, the placement of the 
device is highly significant; if placed at a poor angle it will results in many false readings.  
According to the datasheet of the HC-SR04 ultrasonic sensor, the best reading angle is 
30° (Appendix B). Solutions to reduce the number of errors and false reads include creating a 
shield around the sensor and reducing the frequency at which pulses are sent. 
 
 
Figure 4.3, Alert sample 
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During the test of the prototype, it was discovered that the magnetic buzzer had a higher current 
consumption – 35mA. This contributed to the fast discharging of the battery when buzzing. An 
alternative with lower current consumption will be to use a piezo buzzer. The buzzer can be 
temporarily removed from the system to optimize battery life.  
  When all the components (ESP32, HC-SR04, magnetic buzzer and LED) are active, the 
system consumed an approximate total of 170mA. During the testing period a fully charged 
2000mAh battery was able to last 23hrs with an interval reading of 60 minutes, which gives a 
total of 23 readings. The battery was prolonged by making some adjustments in the code to send 
the microcontroller board in Deep-sleep mode. A Deep-sleep mode is when the board disables all 
the modules on the board except the processor needed to operate the system. During the Deep-
sleep mode, required processors can wake up to perform the necessary task and go back to Deep-
sleep mode. The ESP32 offers a great Deep-sleep mode. According to the manufacturer 
datasheet, the board will consume as low as 0.01 mA when in idle period (Espressif Systems, 
2019). After enabling the Deep-sleep mode, the ESP32 microcontroller was not able to attain the 
0.01mA stated by the manufacturer. But the consumption of the microcontroller drastically 
decreased from 120mA to 20 mA, which is a significant improvement.  With further research, 
the reason of not attaining the Deep-mode metric of the manufacturer was due to the usage of the 
first ESP32 release board. Thus, the design of the board was not optimized for power 
consumption. The following board that was released had some updates and successfully enabled 
users to reach the manufacturer metrics (See Appendix A for revision history). 
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Table 4.1, System power consumption 
                             Mode 
Components 
Normal mode 
(mA) 
Power saving 
mode (mA) 
ESP32 module 120  20 
HC-SR  04 15  15 
LED 0.023  - 
Buzzer 35  - 
Total 170.023 35 
System running time: 
(with a 2000 mAh battery) 
11 hours 57 hours 
 
Table 4.1 shows a breakdown of the power consumption of the different components in the 
system. The above table was generated with setting the system to continuously read the trash 
level until the battery got low. When the system was running with all the components, it drew a 
total ~ 170 mA, which took up to 11 hours to discharge a fully charged battery. The power 
saving mode was achieved by enabling the microcontroller (ESP32) in ULP mode with a line of 
code in the software (See appendix A for manufacturer specification). To reduce the power 
consumption further, the Buzzer and the LED were disconnected from the circuit. This resulted 
in a ~ 35 mA draw from the battery, which makes a fully charged battery run for 57 hours, or 
approximately 2.5 days. These tests were done with continuous readings, making the system run 
without a break. In a real-life scenario, the system will be set to run at an interval of time, 
enabling the battery to run longer before recharging. 
In terms of cost, most components used for this project were at a reasonable price. The 
monthly payment for the online platform was found satisfactory for giving access to 10 devices 
and 10 million data points sent per month. Table 4.2 shows the total cost of the system without 
labor hours. The buzzer and LED were considered as extra features, and therefore were not 
accounted in the device price calculation. Overall, the Eco-Smart Can device will cost 
approximately $100. The cost for the device can be further decreased when mass produced. 
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Table 4.2, Components prices list 
Component Cost 
ESP32 Microcontroller $20 
HC-SR04 Ultrasonic sensor $2 
Lithium Ion Battery 3.7v 2000mAh $13 
USB / DC / Solar Lithium Ion/Polymer charger $18 
3D printed enclosure - PLA $5 
Online cloud platform – Ubidots  $20 / month for 10 devices 
Other part and soldering $20 
Total $98 
 
The results provided in this research show that a smart trash management system can be 
successfully managed and that normal trash cans can be turned into smart trash cans with 
minimum cost. Furthermore, an online user-friendly application was designed to enable clients to 
have access to different functions or the activities display of the device. Figures 4.4 & 4.5 
showcase the Eco-Smart Can end user dashboard login pages. 
 
Figure 4.4, Desktop and tablet output 
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Figure 4.5, Eco-Smart Can Mobile app 
Table 4.3, Advantages and Disadvantages 
Advantages Disadvantages 
Low cost Short Battery life 
Low operating cost Requires a monthly subscription for the 
online platform 
Different powering option Wi-Fi only version 
Retrofit design  
User friendly dashboard and support end-user  
Dedicated app and responsive UI  
Compact and ruggedized design  
 
Overall, the current Eco-Smart Can device V2.0 is a successful prototype. However, it 
does have some disadvantages. A few advantages and disadvantages of the prototype are listed in 
Table 4.3. The paragraph below discusses possible solutions to improve these issues. 
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One of the crucial issues of the prototype was the power source. This problem can be 
resolved by plugging the device into an outlet when indoors. When outdoors, the trash bin can 
make use of a solar panel to keep the system powered. With the solar panel, the author has 
identified that a solar panel of 6V with 3.5 watts will work best with the circuit. The 6 V panel 
can output 530 mA when it receives maximum light. Appendices C shows the recommended 
voltaic system suitable for the system. This voltaic system will be able to charge the 2000 mAh 
to a capacity of 90% within 3hrs. Figure 4.1 illustrates a charging chart of different stages a 
lithium ion battery goes through until fully charged. Full charge is reached when the current 
drops to certain level, or precisely, when the current decreases between 3 and 5 percent of Ah 
rating of the lithium ion, as seen in stage 3 of Figure 4.1 (Battery University, 2018). 
 
Figure 4.6, Charge state of lithium ion (Battery University, 2018) 
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The solar system can help trash bins that are isolated and get little attention to continue to 
operate with low human interventions. A battery with more storage capacity can be placed in the 
system to allow the system to be powered for a longer period in case of consecutive cloudy days. 
Decreasing the frequency at which the trash level is read can save power. Setting the device in 
sleep mode will allow the system to only wake up to perform its duty and go back to sleep mode 
after the operation is completed. This will prolong the usage of power when the system is 
inactive. 
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5. MARKETING 
 
To validate customers’ needs and tackle the problem efficiently, a partnership was 
formed with Professor Sonu Mirchandani, who taught the Marketing class (MKTG 3200) of Fall 
2018. Potential customers such as janitors/custodians, administrators, and dump truck drivers 
were interviewed. 
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5.1 Market research and validation 
 
Table 5.1, Feedback obtained 
 
  
76%
24%
PROSPECT WILLING TO PAY $400 - $500
Yes No
What size of trash can do you have on your embedded base?
•Standard size
•Recycle bins
•Dumpster bin
What problems do you have in your existing trash can collection model?
•Unknown when the trash can gets filled
•Labor costs
•Spend gas and resources
•Waste of plastic
•Can't predict volume collection 
How do you hope the Eco-Smart device will make your life better?
•It will minimize labor cost
•It will automate dispatch
•Reduce amount of plastic bags
•Reduce amount of volume collection
•It will generate some savings
What type of support would you need?
•Device installation support or guide
•Troubleshooting documention
•Support team and after sale service
•Training on device and user interface
•Abilities to create report and track custom metrics
What feature do you want to see in your deployment?
•Technical support
•Fast shipping
•Long lasting battery
•Batery replacement service
•Diagnostic capabilites
Would you pay for $400-$500 for the Eco-Smart device?
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5.2 Competitive analysis 
 
Companies leading the smart waste management field are: Bigbelly, Compology, Ecube 
Labs, Dublin, Bruno Smart Can, Smartbin. They have served and left many citizens and cities 
satisfied. These companies claim to reduce waste collection costs by more than 30% with their 
Internet of Things devices and cloud-based solutions. Most of these companies have the same 
features as the Eco-Smart Can. Such features are: monitor trash level, self-powered (solar 
energy), built in compactor, and cloud system to optimize trash collection. Ecube Labs is 
particularly relevant to this project because of their fast-growing company and technology 
innovation.  
Ecube Labs (2011) is a Korean company established in 2011, with the aims to provide an 
eco-friendly waste management solution for smart cities and keep the environment greener and 
cleaner. As of now, their product lines provide only IoT-based solution to improve waste 
collection. Currently, Ecube Labs is considered as one of the best smart waste management 
companies, with over 4,500 installed bins in 100 different cities on 4 different continents. With 
their efficient cans, they recently won a contract of $15 million to equip Baltimore, MD with 
over 4,000 solar-powered smart cans (Duncan, 2018). 
The Ecube Labs (2011) currently have two products in their catalog: the Clean Cube 
(solar-powered waste compacting bin) and the Clean Cap (wireless ultrasonic fill-level sensor). 
The Clean Cube will be the focus since it has the features that the Eco-Smart Can V 2.0 looks to 
implement. The Clean CUBE (2011) houses sensors that measure the trash level and 
automatically trigger their patented X-Frame compaction module of waste as seen in figure b., 
which efficiently increases the waste bin capacity up to 6-8 times. It reduces the operation costs 
of waste collection by 80%. The real-time data collected from the embedded sensors are sent to 
   
 
 
38 
 
the Ecube Labs Clean City Networks (CCN) through the Global System for Mobile (GSM) 
communication technology. CCN is a cloud-based waste analytics platform responsible to 
monitor the entire waste management operation of a city, keep historical data and analytics 
reports, predict collection, trigger notification for trash collection etc. The Clean Cube is 
completely powered by a solar panel with a built-in rechargeable battery (see Figure 5.1). It can 
also be converted to a plug-in or hybrid system (Solar and Plug-in) to allow indoor usage.  
 
Figure 5.1,  Clean Cube: Solar-powered (Ecube Labs, 2011) 
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5.3 Market segmentation 
 
This section breaks down the large market into smaller homogenous groups to help 
narrow marketing. The focus of the segmentation is the Tri-Cities and the surrounding areas. The 
segmentation uses different approaches. The tables below show a breakdown of these segments 
in the following categories: users, schools, airports and shopping malls.  
Table 5.2, Users 
Market Segments Age Range Occupation description  Income 
Janitors/ 
Custodians 
23-60 Ensure that the environment is clean $25,398 
To 
$34,362 
Administrators  30-65 Manager of company/school/airport  $34,000 
To 
$68,000 
Dump-truck 
Driver 
32-70 Pick-up dumpsters and take the trash to 
landfills  
$34,000 
To 
$37,700 
 
Table 5.3, Schools 
Market Segments School District Schools School Areas 
Elementary Johnson County, 
Watauga County, 
Etc... 
Rock Springs, Miller 
Perry, Jefferson, 
Indian Springs, Etc… 
Bristol, Kingsport, 
Johnson City, 
Elizabethton (Tri-
Cities Area) 
Middle School Johnson County, 
Sullivan County, 
Carter County, 
Watauga County, 
Etc... 
Colonial Heights, 
Sevier, Robins, 
Holston, Ketron, 
Boones Creek, Gate 
City, Etc… 
Bristol, Kingsport, 
Johnson City, 
Elizabethton (Tri-
Cities Area) 
High School Johnson County, 
Sullivan County, 
Carter County, 
Watauga County, 
Etc... 
Sullivan South, 
Dobyns-Bennett, 
Boone, Central 
Greeneville, 
Elizabethton, Etc…  
Bristol, Kingsport, 
Johnson City, 
Elizabethton (Tri-
Cities Area) 
College Johnson County, 
Sullivan County, 
Carter County, 
Watauga County, 
Etc... 
North East State 
Community College, 
East Tennessee State 
University, Milligan, 
King, Etc… 
Bristol, Kingsport, 
Johnson City, 
Elizabethton (Tri-
Cities Area) 
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Table 5.4, Airports, Shopping mall 
Market Segments Location 
Tri-Cities Airport Blountville 
Pinnacle Mall Bristol 
Johnson City Mall Johnson City 
Kingsport Mall Kingsport 
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5.4 SWOT assessment 
 
Here the SWOT analysis of the Eco-Smart Can is discussed, and table 5.5 shows a summary. 
Table 5.5, Eco-Smart Can SWOT analysis 
 
Strengths 
 Ruggedize design: Eco-Smart Can device is designed to resist multiple weather condition 
and can operate in extreme temperatures. The design offers better casing, seal, shock 
resistance and locking mount mechanisms.  
 Scalable report: The online Eco-Smart Can dashboard enables customers to create reports 
and analyze different data patterns, savings, cost etc.  
 Resilience communication: In case the Wi-Fi goes down, the cellular network can take 
over as a backup and to permit internet communication. 
 OTA diagnostic and upgrade capabilities: The Eco-Smart Can device rollout firmware’s 
and updates are done over the internet, with no required physical access to the device. 
o
oStrengths
o- Ruggedize design
o-Scalable report
o- Resilience communication
o-OTA diagnostic and upgrade capabilities 
oWeaknesses
o- Wi-Fi only release 1
o- Phase 1 battery powered
o- Dedicated dashboard
o- Social media marketing
o - Manufactuing design
oOpportunities
o- Transform the environment 
o- Big market
o- Retrofit design
o- Partnership
oThreats
o- Service model
SWOT
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This facilitates the technical support team tasked in assisting and diagnosing customer 
systems.  
Weaknesses 
 Wi-Fi only Release 1: The first release only uses Wi-Fi. The updated version in the future 
offers multiple communication features such as LTE, GSM or GPRS to fit customer 
needs. 
 Phase 1 battery powered: The first version of the Eco-Smart Can is powered by battery 
only; therefore, the device needs regular battery replacement or charge. The upcoming 
phase of the Eco-Smart Can includes solar charging. 
 Dedicated dashboard: Right now, the Eco-Smart operates on a third-party cloud platform 
Ubidots. There is a monthly fee associated with the usage, and the price increases with 
the more devices you have. To bring costs down in the future it will be necessary for Eco-
Smart Can to create its own cloud platform and mobile app.  
 Social media marketing: Marketing is important to attract customers and make the Eco-
Smart Can product known to prospect customers. The marketing campaign will use a 
combination of different social media platforms. Some marketing techniques include 
hiring marketing representatives and working with distributors. The above strategies will 
help Eco-Smart Can have a successful marketing campaign and reach out to potential 
customers.  
 Manufacturing Design: Currently, Eco-Smart Can device is a working prototype. The bill 
of all components in addition to an online platform is $200. To get it to the 
manufacturing stage, manufacturing design companies need to be contacted to help 
integrate the system and do the form, function and packaging.  
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Opportunities 
 Transform the environment: The Eco-Smart Can does not just help customers to save 
money and other resources. It reinvents the whole trash management and collection 
system. It creates a new workplace and environment. 
 Big market: IoT is a fairly new system, and smart waste management is gradually helping 
governments and industries to make profits. It is not a widespread resource, making it 
suitable for the Eco-Smart Can to have a big market opportunity and reach out to 
developed or developing countries.  
 Retrofit Design: Most of the competing companies require the clientele to buy a 
dedicated trash can for their smart trash solutions. Meanwhile, the Eco-Smart Can device 
is retrofit; it can be adapted and mounted onto existing trash containers, bins or 
dumpsters. Therefore, there is no need for the client to get rid of old trash containers. 
 Partnership: There exists opportunities for the Eco-Smart Can to partner with trash can 
manufacturers who supply businesses, cities, counties and households with cans. The 
manufacturers can supply their trash cans with the Eco Smart Can device preinstalled. 
Threats 
 Service model: If waste management companies offer a fixed lower price for unlimited 
trash collection, the Eco-Smart Can service can become obsolete.
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6. BUSINESS MODEL 
 
Table 6.1 is an overview of the Eco-Smart Can business model canvas (BMC). This table outlines nine segments, which are the 
building blocks of the Eco-Smart Can.  
Table 6.1, Business Model 
 
 
 
 
  
• Hardware retailers  
• Cities waste 
management 
• Microprocessor 
company 
• Cloud platform 
• Trash can 
manufacturer 
• City parks 
• Government 
infrastructures 
• Airports and malls 
• College campuses 
• Janitors or custodians 
 
• Managing waste in 
a smart way with 
less trash pickup 
trips and reduced 
labor. 
• Only pickup of 
filled trash, save 
plastic bags, predict 
fill up time. 
 
• Development of smart 
waste management system 
and device 
• Dashboard and device 
maintenance 
• Product assembling, testing 
and packaging 
• Product distribution in 
point of sales and online 
 SW/HW development 
team 
 Consulting services 
for patents and 
marketing 
 Financing sources 
 Partner channels 
 Marketplaces 
• Product 
website/blog/online 
chat 
• Social Media 
Interactions 
• App 
• Customer congress 
 Labor 
 Monthly cloud service provider fee 
 Freight, storage and distribution 
 Advertising and disclosure 
 Fee for additional services, such as battery replacement 
or onsite training 
 Expertise consulting 
 OEM sales 
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7. FUTURE SCOPE 
 
This section describes the Eco-Smart Can implementation plan. Table 7.1 summarizes the 
Eco-Smart Can action plan for the coming years. 
Table 7.1, Phases plan 
 
 
Phase one consists of finalizing the prototype. The working prototype will be duplicated 
to perform a POC trial on the ETSU campus. The data collected during the trial will be used to 
adjust on the Eco-Smart Can device and do a Release 1 upgrade. 
Phase 1, 2019
Prototype 
complete
POC Trial 
with ETSU 
and North East 
State
Release 1 
upgrade
Phase 2, 1st half 
2020
POC trial 
with 
downtown 
Johnson City
POC trial 
Johnson City 
and Pinnacle 
Mall
Release 2 
upgrade
LTE, GSM, 
GPRS 
modular 
upgrade
Solar module 
upgrade
ISSU & 
Device 
Upgrade
Phase 3, 2nd half 
2020
Volume 
manufacturing
Dedicated 
online 
dashboard 
design
Ramp up 
sales and 
marketing
Trials in 
Mexico, 
Canada and 
France
Phase 4, 2021
International 
expansion
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In the first half of 2020, phase 2 will focus on expanding the trials in different 
environments other than campus. This trial will target malls, parks and downtowns. Through the 
data collected and observations, another adjustment will be made on the device with the Release 
2 upgrade. As explained earlier in this project, trash containers might be in areas with no Wi-Fi 
access. Therefore, an Eco-Smart Can LTE/GSM/GPRS module version will be developed. 
Furthermore, the solar charging system will also be developed to add to the existing design. An 
In-Service Software Upgrade (ISSU) of the running Eco-Smart Can devices will take place and 
upgrade the devices with new modules. 
In the second half of 2020, phase 3 will see partnerships with manufacturing companies 
to manufacture The Eco-Smart Can devices. An online cloud platform and a dedicated mobile 
application will be created with a web developer. This will reduce the reliance on third party 
cloud platforms and decrease operation costs. The marketing team will work on an aggressive 
marketing campaign to get the word out and attract potential customers. To better prepare for an 
international market, trials will be run in Mexico, Canada and France. This will provide an 
insight about how trash systems work in other countries and how the Eco-Smart Can may 
succeed on an international level. 
Finally, in Phase 4, the Eco-Smart Can will expand worldwide by first targeting 
neighboring countries to USA and then expanding to other continents. 
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8. CONCLUSION 
 
When this project was started, it was believed that it would be completed in a semester 
period. However, the first prototype was completed after almost three semesters. The main 
difficulty when developing the prototype was trying to find a solution to counter the instabilities 
of the microcontroller. Since the IoT technology is a recent technology, most microcontrollers on 
the market are unstable and often carry very limited support. A lot of microcontrollers had to be 
tested in order to find adequate ones that would connect to different network types. This project 
provided insight on multiple things, especially from fields other than Engineering, such as 
business and marketing concepts, which are useful tools in developing careers.  
All in all, this research manages to present a cost effective and user-friendly waste 
management system. The Eco-Smart Can system can be reproduced and used for small-scale 
areas. Despite the successful completion of this project, there is still room for improvement. 
Hopefully, this project will encourage others to develop better IoT waste management systems. 
The main goal of the system is to contribute to the universal community and improve the quality 
of life in the world. 
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 APPENDICES 
Appendix A: ESP32-WROOM-32 Microcontroller 
 
   
 
 
52 
 
 
   
 
 
53 
 
 
   
 
 
54 
 
 
   
 
 
55 
 
 
   
 
 
56 
 
  
   
 
 
57 
 
Appendix B: HC-SR04 Ultrasonic Sensor 
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Appendix C: USB, DC & Solar Lipoly charger module 
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Appendix D: Li-Polymer 2000 mAh Battery 
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Appendix E: CEM-1203 magnetic buzzer 
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Appendix F: Voltaic Systems 3.5W 6V 
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